Abstract: Arthroscopic surgery has grown rapidly in recent decades. Despite accurately diagnosed clinical cases, the previous pain is retained in some patients after the operation, even though no visible chondral lesions are found during the procedure. A minimally invasive arthroscopic method of measuring articular cartilage electromechanical properties enables rapid and reliable intraoperative articular cartilage quality evaluation.
A rticular cartilage defects remain a significant problem for the physically active population. The incidental findings of chondral or osteochondral lesions of varying severity in 63% of knee diagnostic arthroscopic surgical procedures present a great challenge to orthopaedic surgeons and patients. 1 Despite the well-established surgical techniques for cartilage repair, unbiased diagnostics of these lesions are scarce, especially when the cartilage has no visible deterioration. An inadequate diagnosis might interfere with successful postoperative management and a good clinical outcome.
Codesido et al. 2 evaluated causes of repeat knee arthroscopy and determined it was mostly performed because of nontraumatic continuous pain. 3 The study did not find a negative impact on clinical outcome after cartilage defects were left untreated; however, a tendency for a deterioration of clinical results with a longer follow-up time was noted. Therefore, there is a need for more precise and objective diagnostic methods to assess the quality of healthy-looking and repaired cartilage.
Recently, a minimally invasive method to evaluate articular cartilage quality by measuring its electromechanical properties has been developed. A handheld medical device, Arthro-BST (Biomomentum, Laval, Quebec, Canada), enables registration of electromechanical activity of articular cartilage during arthroscopic procedures. 4, 5 The instrument measures compression-induced streaming potentials of articular cartilage and calculates the quantitative parameter (QP) reflecting cartilage electromechanical properties. QP, expressed in arbitrary units, is related to the number of microelectrodes, located on a small spherical indenter at the end of a sterile disposable tip, in contact with cartilage, when the sum of the cartilage's streaming potentials reaches 100 mV. During compression, positive mobile ions in the interstitial fluid are displaced relative to the fixed negatively charged proteoglycan molecules, which are entrapped in the collagen network. A higher QP value indicates weak electromechanical properties and inferior quality of the cartilage, represented by a degraded collagen network and a loss of proteoglycans, whereas a very low QP value indicates abnormally thin cartilage. 4 QP's correlation with histologic scores, biomechanical parameters, chondrocyte viability, and apoptosis has been shown, suggesting that this device enables rapid and reliable evaluation of articular cartilage properties before and after cartilage repair procedures. 4, 6 The Arthro-BST device has been successfully used for the evaluation of articular cartilage in the goat knee after autologous and allogeneic osteochondral transplantation. 6 We present a video of a clinical case in which this technique has been adapted to evaluate human articular cartilage after osteochondral allograft transplantation during second-look arthroscopy (Video 1). These results are currently under evaluation.
Technique Preparation of Device
The isoelectric box runs on 2 AA batteries with a universal serial bus connection to a laptop computer. A cable connects the handle of the tip to the computer, which is plugged into the electrical outlet and turned on.
Sterile Preparation of Tip and Approach
A surgical technician fills a sterile container with 30 mL of sterile saline solution and places the container into an ultrasonic cleaner bath (Cole-Parmer, Vernon Hills, IL) partially filled with water. The ultrasonic cleaner bath must be turned on. The technician then opens the packaging of the sterile tip and drops the sterile tip on the surgical instrument tray. The tip is inserted by a scrub nurse, and the handle connected to the electrical isolation box through the cable is securely sealed with an adhesive strip and cover. The complete set of equipment is depicted in Figure 1 .
Patient Preparation
The patient is positioned supine, and standard anesthesia is initiated. The operative field is prepared according to standard aseptic procedures, including application of disinfectant and sterile blankets.
The knee joint should be well inflated with physiological saline solution. Arthroscopic examination is initiated through standard 6-mm medial and lateral parapatellar portals that should be placed accurately to facilitate access to the cartilage regions of interest. Additional portals can be used to approach more specific cartilage regions. The same portals are used for the introduction of the tip. Intra-articular macroscopic observation of articular cartilage lesions and treated areas is performed (Fig 2) .
Measurements
Equilibration of the microelectrodes must be performed before the measurements. The end of the tip must be fully immersed for 5 to 10 seconds in a container with sterile saline solution in the ultrasonic cleaner bath. When the measurement software displays a straight line on the computer screen, the device is ready. The tip is inserted into the joint through standard arthroscopic portals according to the lesion location. QP measurements are performed at the center of the transplanted graft. The surgeon must touch and gently compress the cartilage surface with the tip in the area of interest. Because of the hemispherical shape of the tip, the microelectrodes are set on the surface of the hemisphere but not on the edges. During compression, the tip is positioned so that the cartilage is in contact with the microelectrodes on the spherical surface of the tip, as seen through the arthroscopic monitor. After compression on the cartilage surface, the software instantly displays a sudden drop and rise of the measuring line due to the evoked streaming potential. At this moment, the surgical technician must press the "process" button to register measurement and calculate QP. When the tip is in the right position, the QP value is displayed on the laptop screen. The measurements are repeated several times to obtain the median value (Fig 3) . If the software fails to calculate the result because of the wrong tip position, an error message is displayed and the measurement must be repeated. Pearls and pitfalls of the measurements using the Arthro-BST device are described in Table 1 .
To validate the procedure in a clinical setting, we analyzed patients undergoing a diagnostic arthroscopic procedure with normal magnetic resonance imaging data and macroscopically intact articular surfaces. Reference QP values measured for the healthy human knee articular cartilage (n ¼ 7) were 14.29 AE 4.82 and 14.86 AE 3.93 for the medial and lateral femoral condyles, respectively, and 18.9 AE 3.65 and 21.4 AE 8.04 for the medial and lateral tibial condyles, respectively. In addition, QP measurements in the patellofemoral groove and patella were 14.57 AE 1.45 and 20.7 AE 4.46, respectively.
Discussion
Articular cartilage lesions of varying severity are becoming increasingly prevalent as a result of increased physical activity and improved diagnostics. In addition to large osteochondral lesions, cartilage areas with little to no visible deterioration are being increasingly diagnosed, despite the inferior predictability of imaging techniques for less advanced lesions. 7, 8 Current methods of evaluation are limited to diagnostic imaging techniques, macroscopic evaluation, and arthroscopic hook probing. Similarly, cartilage repair procedures, which might result in hyaline-like tissue, are often evaluated by macroscopic scoring systems and quantitative magnetic resonance imaging. [8] [9] [10] However, clinical correlation and prediction of repair procedure outcome are yet to be determined. 11 This has prompted the need for a reliable objective method to evaluate the quality of cartilage tissue.
Electromechanical assessment has been proposed as a minimally invasive method to evaluate the mechanical properties and severity of degeneration for knee articular cartilage. 12 QP values obtained by a handheld arthroscopic device, Arthro-BST, showed significant Additional portals can help with accurate tip placement within inconvenient parts of the cartilage. The tip should gently press the cartilage surface of interest followed by a quick release to obtain a numerical value. Correct tip placement perpendicular to the cartilage surface is confirmed by a steep decline in the streaming potential line on the computer screen. Pitfalls When the tip is released before the full decline of the streaming potential line, a measurement is not registered. Different numerical values might be recorded with even slight movements in the same cartilage area when positioning the tip. correlation with conventional methods for objective cartilage quality determination, such as histologic assessment and biochemical analysis. QP measurements have been shown to provide insight into the cellular viability of osteochondral grafts in vitro, thus highlighting their use in graft quality determination before implantation in cartilage repair procedures. 13, 14 Application of the device at follow-up after cartilage repair procedures is of immense value because it is less invasive than biopsy methods for tissue quality analysis. It has recently been shown that electromechanical assessment of cartilage quality after implantation of bilayer constructs was comparable with evaluation by conventional destructive methods in an in vivo sheep model. 15 Similarly, measurement of cartilage electromechanical properties during routine arthroscopic procedures can help to evaluate the tissue quality before major macroscopic lesions appear. Advantages and limitations of the described technique are discussed in Table 2 . Hereby, a map of the articular cartilage surface area for the extent of cartilage degeneration could be determined. Subsequently, a personal postoperative rehabilitation protocol needs to be adjusted to improve the clinical outcome of the patient. 
